Abstract. The RNA-dependent DNA polymerase(s) in murine leukemia, murine mammary tumor, and avian myeloblastosis viruses require manganese for optimal activity. The transcription of added synthetic polyribonucleotides is greatly enhanced when manganese is used in place of magnesium. A soluble RNA-dependent DNA polymerase activity has been released from murine leukemia particles in the presence of manganese and high detergent concentrations. Two RNA viruses, visna virus of sheep and a primate syncytial virus, not known to have tumor-producing ability, also contain the polymerase.
gift from the Shell Chemical Co. RNA-dependent D)NA )olynierase was assayed as described'; details are provided in the al)l)rolpriate legends. At 4 X 10-3 M divalent cation, the synthesis of DNA from viral RNA present in intact virions occurred equally well with either magnesium or manganese ( Fig. IA) Our earlier studies of DNA synthesis with Rauscher leukemia virus in the presence of magnesium demonstrated a critical Triton X-100 concentration (0.014%) for maximal activity; at 0.20% Triton virtually no activity was detectable. The effect of varying the Triton concentration, with either manganese or magnesium present, is shown in Fig. 2 ; the critical range of detergent concentrations is summarized in Table 2 . With magnesium, the endogenous reaction (in the absence of added copolymer) showed a sharp dependence upon detergent concentration ( Fig. 2A) . In contrast, activity was preserved even at a much higher Triton concentration (0.2%0) with manganese as the divalent cation; activity was not detectable at this concentration of Triton with magnesium. Homopolymer synthesis with added poly r(A U) and manganese ( Fig. 2B ) was not maximal until 0.028% Triton. Activity was low at 0.014%o, the concentration at which the endogenous reaction was optimal. The higher detergent concentration needed for the polymer-stimulated reaction probably reflects the need to disrupt the virus particle sufficiently to allow interaction between added template and enzyme(s). At no concentration of magnesium or Triton tested was magnesium as effective as manganese for the poly r(A. U)-stimulated reaction.
Prior studies on the requirements for DNA synthesis with endogfenous viral RNA have been performed with magnesium in the assay mixture; the requirements were reinvestigated with manganese and 0.10% Triton X-100 (Table 3) . Maximal incorporation required all four deoxyribonucleoside triphosphates. The complete inhibition of product formation by RNase A contrasts with earlier studies in which difficulty was encountered in fully inhibiting DNA synthesis with added RNase.' 2 Presumably, complete RNase susceptibility is Table 4 shows a comparison of the stimulation of the DNA polymerase of Rauscher leukemia virus by poly (dC . rG), poly r(IJ C), and poly r(A -U) with magnesium and manganese. Incorporation with each polymer was tested at the optimal concentration of each cation. For each polymer, manganese was the preferred divalent cation. However, a direct comparison between the stimulation achieved with the three polymers may be unreliable, since different properties of the polymers, such as degree of helix formation or polymer size, may effect the reaction.
Two possible applications of the use of synthetic RNA polymers to detect RNA-dependent DNA polymerase activity are: (1) to aid in purification of the enzyme(s) and (2) to test RNA viruses other than RNA viruses known to induce tumors for the presence of such enzymatic activity. Our earlier studies,3 enzyme activity could now be detected; all activity was present at the top of the gradient. When manganese was used, recovery of total activity upon treatmeiit with either 0.02% or 0.2% Triton Aw-as comparable. Tle generality of these conditions for observing polyme-stiulated 1)NA polymerase activity in several different viruses leas examined (Table 5 ). Raus- Each reaction mixture was incubated at 370C and contained in 0.05 ml: 40 mM Tris HCl, pH 7.8; 60 mM KCI; either 2 mM manganese acetate or 10 Discussion. Earlier studies have shown the marked stimulatory effect of synthetic RNA templates for RNA-dependent DNA polymerase activity of RNA tumor viruses.4 The present studies show that with such templates both the particular cation and its concentration are critical for maximal activity. At either 4 X 10-3 M magnesium or 4 X 10-3 lv manganese, DNA synthesis from endogenous viral RNA is optimal. If the divalent cation concentration is lowered, or if higher detergent concentrations are used, manganese is the preferred cation. When synthetic polymers are added, manganese again is preferred and the optimum concentration is lower than for the endogenous reaction; the optima are: 6 X 10-4 1\I for poly r(A.U); 2 X 10-4 1\ for poly r(IJC); 2 X 10-4 Mt for (dC rG)n.
The first step in the reaction within the tumor virus particle is the synthesis of DNA from single-stranded viral RNA to form an RNA* DNA hybrid; a second step leads to the formation of double-stranded DNA.9 1 2
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The synthetic RNA. DNA hybrid, (dC-rG)ny directs the synthesis of a homopolymer containing dGM\IP4 and reflects the second step of the reaction. Which step of the reaction is reflected in transcription of double-stranded RNA is uinresolved at this time.
For both the endogenous reaction and for the synthetic polynucleotide-stimulated reaction, manganese is the preferred cation. The preference for manganese, particularly with synthetic RNA-RNA polymers, and the differences in divalent cation optima with different polymers, have been observed also with the DNA-dependent RNA polymerase from AMicrococcus luteus, formerly M. lysodeikticus.0" ,l Similarly, DNA-dependent RNA polymerases from adult rat liver and sea-urchin embryos require manganese for optimal activity.12 RNA-dependent RNA polymerases have been found in reovirus"3 and vesicular stomatitis virus.14 A DNA-dependent RNA polymerase has been found in vaccinia virus.'5 In these cases, polymerase activity has been shown in viral cores, but a "soluble" activity has not yet been reported. In the present work, with the use of manganese and synthetic polymers, we have been able to disrupt Rauscher leukemia virus with a high concentration of detergent and to release a "soluble," polymer-dependent, RNA-dependent DNA polymerase activity.
The conditions that are optimal for detecting polymer-stimulated activity in the murine leukemia virion are effective for the murine mammary tumor virus and the avian myeloblastosis virion. Each of these viruses readily produces tumors when inoculated into its natural host. DNA polymerase activity has now been found in two RNA viruses that are not yet known to have tumorproducing potential. One of these, visna virus, is responsible for a chronic, progressive, neurologic disease in sheep; its enzymatic activity differs from that of the known tumor viruses in that its polymer-dependent reaction shows a marked preference for magnesium. The other virus, a primate syncytiumforming virus, has enzymatic properties that so far are not distinguishable from the known oncogenic RNA viruses. Whether the syncytium-forming virus produces tumors in its natural host has yet to be determined. The conditions described for both the endogenous and the polymer-stimulated reaction may be applicable for the characterization of other viruses isolated from cancers and other chronic diseases of animals and man. 
